Abstract-The accurate knowledge of the transmission line parameters can be beneficial for several monitoring and control applications accommodated in the power system control center. Actually transmission line parameters are stored in the control center databases (assuming that they are time invariant); however, the databases might be obsolete and contain erroneous parameters. This paper proposes a methodology for identifying and estimating the erroneous transmission line parameters using measurements provided by phasor measurement units (PMUs) and estimated states provided by a state estimator. The main advantage of the proposed methodology is that for the identification of the erroneous transmission lines and the estimation of the line parameters only one PMU is required for the monitoring of the transmission line (i.e., capture measurements related to the transmission line). The proposed methodology is tested in the IEEE 14-and 118-bus systems.
Identification and Estimation of ErroneousI. INTRODUCTION

W
ITH the increasing demand of electricity and the increasing complexity of power systems due to the incorporation of renewables, power electronic technology, and new market regulations, the monitoring of the power system operating condition is becoming more challenging. An accurate monitoring is required in order to keep the operators aware of the actual operating condition and enable them to undertake corrective actions if needed. The power system operators make their decisions based on the output of the state estimator which is considered the cornerstone of the control center. The reliance of many other applications on the estimated states (i.e., voltage magnitude and angle for all the power system buses) such as the power flow analysis, transient and voltage stability, economic dispatch, and contingency analysis indicates the importance of having highly accurate estimated states. The state estimator takes as inputs the raw measurements coming from the substations of the power system, as well as the power system network parameters, i.e., the transmission line parameters, the network topology, and the transformer tap ratios. In this sense, uncertainties in measurements or network parameters affect directly the reliability of the state estimator [1] .
From the measurement perspective, the accuracy of the state estimator can be increased by including high quality measurements. In particular, with the advent of the Synchronized Measurement Technology (SMT) and the installation of Phasor Measurement Units (PMUs) in the measurement layer of power systems, the accuracy of the state estimator has improved considerably (by incorporating PMU measurements in the measurement vector of the state estimator) [2] , [3] .
Unlike the measurements that are continuously updated, the power system network parameters and especially transmission line parameters are considered time invariant in relatively small periods (i.e., during a day or a month) and they are stored in the control center databases. The values of the transmission line parameters are calculated based on manufacturers' data and typical line configurations that may ignore several factors that affect the parameter values [4] . In reality, the parameters of the transmission lines are affected by environmental factors (i.e., temperature and soil resistivity) [5] , or modeling inaccuracies (parallel lines coupling). Further, due to the connection of two different types of lines (e.g., overhead line connected with an underground cable for a few meters) it may be difficult to know the exact values of transmission line parameters. Human factor could be also a possible cause for outdated transmission line parameter databases since several changes in the network configuration might not be reported correctly in the control center or transmission line length could be inaccurately calculated. Some case studies report that the error between the actual and the stored values of the line parameters can be up to 30% [6] . This degrades considerably the accuracy of the state estimator and in particular the effect of network parameter uncertainty on the state estimation is more severe than the effect of the measurement inaccuracies [7] . Therefore, there is a need to identify the inaccurate transmission line parameters in the database and then estimate the correct line parameters based on related measurements. 0885 -8977 © 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.
II. RELATED WORK AND PROPOSED METHODOLOGY CONTRIBUTION
Power system operators might identify erroneous parameters in a system mainly based on their experience [1] . However, an automated routine for the identification of the erroneous branches is more convenient. The identification procedure of the erroneous branches is usually based on the Largest Normalized Residuals (LNR) calculated using the Weighted Least Squares (WLS) state estimator results. In [8] , an identification index is derived by the ratio of the number of incident measurements to a branch that are identified as bad measurements to the total number of the incident measurements to the particular branch. The use of Lagrangian multipliers for identifying the erroneous branches is proposed in [9] achieving to identify both bad measurements and erroneous branches simultaneously. However, this method is not accurate when there is no measurement redundancy [10] . In [10] multiple measurement scans are used in the same methodology for improving its accuracy. Both methods fail to identify an erroneous parameter that belongs to a critical k-tuple set. In particular, the identification of an erroneous parameter that belongs to a critical k-tuple parameter set is not an easy task. A critical k-tuple parameter set is the set that multiple values of its parameters exist for satisfying their related conventional measurements. In [11] and [12] the placement of PMUs in strategic locations for identifying erroneous parameters in critical k-tuple parameter sets is proposed.
After the identification of the erroneous branches, their erroneous parameters should be estimated for updating the database with the correct values. In [4] , the transmission line parameters are calculated using only SCADA measurements, where important issues that affect the line parameter calculation such as the corona loss, the line unbalance, and the measurement error are discussed in detail. The calculation of frequency-dependent transmission line parameters that can be used in electromechanical simulations is proposed in [13] .
A more accurate calculation of the transmission line parameters can be performed by using the synchronized current and voltage phasor measurements provided by the PMUs. However, this requires the installation of PMUs at the two ends of a transmission line [14] - [16] . This is currently not a practical solution. Therefore, a methodology that requires the presence of one PMU at the one end of the line and voltage and current magnitudes measurements at the other end is proposed in [17] .
In this paper, the methodology proposed in [18] for estimating the erroneous parameters of transmission lines that are monitored by one PMU is enhanced with a procedure for identifying the erroneous line parameters. For the identification phase the methodology uses the information provided by the Largest Normalized Residual test. In the estimation phase a linear parameter estimator is utilized, where several snapshots of PMU measurements and estimated states (provided by a hybrid state estimator) for a whole day are combined. As it is indicated in the case studies, the proposed methodology performs well both in the case of a single or multiple lines with erroneous parameters. It should be noted that the proposed methodology for identifying and estimating transmission line parameters does not depend on the locations of the PMUs and the number of PMUs installed in the system. In other words, every transmission line that is monitored by at least one PMU and has erroneous parameters can be identified and its parameters can be corrected by the proposed methodology.
The proposed methodology consists of sub routines well defined and extensively used in the literature (as several other methodologies related to this subject), i.e., the Largest Normalized Residual test, WLS state estimator and the use of multiple measurement scans. The way that these sub routines are combined under a common framework in order to achieve effective identification and estimation of erroneous line parameters is the main contribution of this work. for line parameter refinement without needing to have other installed measurement devices at the other end of the transmission line 5) Robustness of the methodology in the presence of relatively large measurement noise that is introduced by both low accuracy instrument transformers and measurement devices. The rest of the paper is structured as follows: the description of the methodology is provided in Section II along with a brief overview of the Largest Normalized Residuals test and the hybrid state estimator used in the methodology. The results obtained by applying the methodology to the IEEE 14-and 118-bus systems are shown and discussed in Section III, while the paper concludes in Section IV.
III. METHODOLOGY FOR IDENTIFYING AND ESTIMATING ERRONEOUS TRANSMISSION LINE PARAMETERS
The proposed methodology is executed offline using measurement snapshots for a whole day and comprises two phases. In the first phase the methodology identifies the erroneous parameters through a set of candidate erroneous branches, while in the second phase the methodology estimates the parameters of the branches that are identified as erroneous. In this Section the steps of the proposed methodology are described in detail. Further, the Largest Normalized Residual test, the hybrid state estimator used for providing the estimated states, and the linear parameter estimator are described here for completeness. Fig. 1 shows the flowchart of the proposed methodology. Since the proposed methodology is applied only at the transmission lines that are observable by a PMU, at the first step all the PMU-observable branches and the branches of interest are determined.
Based on Fig. 2 and assuming that a PMU is installed at bus 2, the PMU-observable branches are the branches/transmission lines that connect bus 1 to bus 2 and bus 2 to bus 3, while a branch of interest is the branch that connects bus 1 to bus 3, which is not observable by a PMU but is connected to a PMUobservable bus. It should be mentioned that the branches of interest are used in the identification procedure.
At the second step of the methodology, the hybrid state estimator proposed in [2] is executed. The measurement model of the hybrid state estimator is formulated as [19] ,
where z is the measurement vector, h(x) is the vector that relates the measurements to the state vector x, and e is the measurement Gaussian noise. Based on the WLS formulation, the state vector can be determined iteratively as,
where R is the measurement error covariance matrix, H(x) is the Jacobian matrix and is equal to ∂h(x)/∂x, and G(x) is the gain matrix given by H T (x)R −1 H(x). The measurements that are used in a hybrid state estimator are the conventional measurements (power flows/injections and bus voltage magnitudes) and the available synchronized measurements (bus voltage phasors and line current phasors). Further, the zero injection measurements are also used as constraints in the minimization problem of the state estimation for enhancing the accuracy of the estimated states [1] . It should be noted that the current phasor measurement might cause convergence problems to the hybrid state estimator [20] and therefore pseudo flow measurements are used in the hybrid state estimator calculated as [2] ,
Hence, the measurement vector of the proposed hybrid state estimator is formed as,
Both conventional and pseudo power flow measurements of a transmission line that connects bus i and bus j are related to the power system states as,
where V i , , θ i is the voltage magnitude and phase angle at bus i , G ij +jB ij is the ijth element of bus admittance matrix, g ij +jb ij is the series admittance of the branch connecting bus i and bus j, g si +jb si is the shunt admittance that is connected to bus i The estimated states provided by the hybrid state estimator are used in the Largest Normalized Residuals test that is performed next in the methodology. In order to perform the test, the measurement residuals are calculated first as,
Based on the assumption that the measurement errors follow a Normal distribution, it can be shown that the measurement residuals also have a Normal distribution with zero mean and covariance matrix Ω (r ∼ N (0, Ω)) which can be obtained as [1] , 
where the matrix S is called the residual sensitivity matrix and depicts the sensitivity of the measurement residuals to the measurement errors. Thus, the normalized residuals can be obtained by dividing the measurement residuals by their respective variance as,
If there are any conventional or pseudo power flow measurements that their measurement residuals are above 3 and they are also related to the PMU-observable branches, then the respective branches will be included in the set of candidate erroneous branches. This is evident by (6) and (7) where the power flow measurements are both dependent on the estimated states and the line parameters. Thus, a mismatch between the actual and the estimated measurements is likely to occur due to the transmission line parameters errors. In the case that any conventional or pseudo power flow measurement has measurement residuals above 3 and is related to any branches of interest, then the branches of the PMU-observable buses (connected by the branch of interest) that belong to the PMU-observable branches set are included in the candidate erroneous branches. For instance, in the case of Fig. 2 , if any power flow measurement associated with branch 1-3 (branch of interest connecting buses 1 and 3) has a normalized measurement residual more than 3, then PMU-observable branches 1-2 and 2-3 are listed in the candidate erroneous branches set. This is because measurement residuals can interact between them. In other words, it might be possible that the error in the parameters of a PMU-observable branch affects the power flow measurement residuals of an adjacent branch (i.e., branch of interest) that might have correct parameters. It is to be mentioned that in the extreme case where the pseudo flow measurement (calculated using PMU measurements) related to the transmission line is critical (i.e., its elimination will make the PMU bus unobservable), then its normalized residual will be zero [1] and therefore will not be included in the candidate erroneous branch set. Therefore, its identification will not be possible.
After formulating the set of candidate erroneous branches the identification of the erroneous branches follows. This is done iteratively by examining each branch, contained in the set of candidate erroneous branches, as shown in Fig. 1 .
In particular, the parameters of each candidate erroneous branch are estimated through the linear parameter estimator (described in the next sub-section in detail), while a hybrid state estimator execution follows using the updated parameter set. The new estimated states provided by the hybrid state estimator are used for calculating function J which denotes the sum of the squared measurement residuals and the value of J is saved. Then, the parameters of the candidate erroneous branch are restored to their initial values before the parameter estimation. After the end of the iterative procedure the branch with the smallest value of J is chosen as the erroneous branch and its parameters are estimated using the linear parameter estimator. This is because the sum of the squared measurement residuals will be minimized in the case that the estimated states and the transmission line parameters are close to the actual ones.
Since it is very likely that more than one PMU-observable branch has erroneous parameters, the methodology is repeated until all the normalized residuals of the power flow measurements that are associated to the PMU-observable branches or to the branches of interest are below 3.
A. LINEAR PARAMETER ESTIMATOR
The parameter estimator is a vital tool in the proposed methodology, since the accurate estimation of the transmission line parameters impact both the identification and the estimation procedure. In this section, the linear parameter estimator proposed in [18] is presented for completeness.
Based on the representation of the transmission line parameters as a pi model, as shown in Fig. 3 , the parameters that should be estimated through the linear parameter estimator are the series conductance (g sr ), the series susceptance (b sr ), and the shunt susceptance (b sh ) (assuming that the shunt conductance is negligible compared to the shunt susceptance). The aim of the proposed methodology is to estimate the parameters of each transmission line that is observable by at least one PMU therefore the linear parameter estimator is intended to estimate parameters from PMU observable lines only. Thus, based on Fig. 3 and assuming that a PMU is installed at bus s, the line parameters are related to the real and imaginary part of the current phasor measurement provided by the PMU as,
where, I Based on (11), the current phasor that flows from bus s to bus r, the voltage phasor of bus s (measurements by the PMU that is installed at bus s) as well as the voltage phasor of bus r are necessary for estimating the transmission line parameters of the transmission line represented by a pi model. Since no PMU is installed on bus r, in this methodology its voltage phasor is obtained by the hybrid state estimator. It is worth mentioning that the estimated angles of the voltage phasors by the hybrid state estimator are also synchronized with the angles of PMUs at the same time instant since the angle of the slack bus used in the hybrid state estimator is provided by the PMU.
The number of parameters to be estimated is more than the available measurements and therefore the estimation of the line parameters will not result in a unique solution since the problem in (11) is under-determined. The measurement redundancy can be enhanced by using several measurement snapshots from a relatively short time period (i.e., one day) in the parameter estimator and thus (11) becomes, equation (12) as shown at the bottom of the page.
The above problem can be solved using the least squares formulation and therefore the line parameters can be calculated as,
where, p is the line parameter vector M is the Jacobian matrix that relates the current phasor measurements to the line parameters I is the vector with the current measurements from several snapshots of one day.
It is preferable that the measurement snapshots used in the parameter estimator of (12) do not contain any bad measurements (i.e., measurements with gross errors). Since the proposed methodology for erroneous parameters identification and estimation is executed offline, any issues related to measurements with gross errors or measurement unavailability can be overcome by selecting the measurement snapshots that are complete and "measurement error free". Another solution in the case that PMU measurements contains gross errors is to preprocess them for identifying if the measurements set contain gross errors [21] . Further, the estimation accuracy of the line parameters could be compromised with the use of estimated states provided by the hybrid state estimator. More specifically, the erroneous line parameters of a transmission line directly affect the estimated states of the connected buses. Thus, in the case of the proposed linear parameter estimation, the voltage phasor of the PMU-unobservable bus could be erroneous and may affect the parameter estimation. In order to overcome this problem, in the proposed methodology all the measurements that are related to the line parameters to be estimated are removed from the selected measurement snapshots. These measurements could be power flow, power injection, or the pseudo-flow measurements provided by the PMU. This step is performed in order to obtain an accurate estimation (without being affected by possible Fig. 4 . Flowchart of the parameter estimation procedure erroneous parameters) of the bus states (i.e., voltage magnitude and angle), where no PMU is installed. The flowchart for the parameter estimation procedure is shown in Fig. 4 .
IV. SIMULATION RESULTS
The proposed methodology is applied to the IEEE 14-and 118-bus system. In both systems, the effectiveness of the proposed methodology in both identifying the lines that have erroneous line parameters and estimating the erroneous line parameters is demonstrated either in the case of a single or multiple erroneous lines. It should be noted that in the case of an erroneous line both its series conductance (g sr ) and series susceptance (b sr ) are in 30% error from their actual values. Since the value of a shunt susceptance (b sh ) is very small in comparison to the series line parameters, its impact on the accuracy of a state estimator (when it is erroneous) is generally negligible; thus, in this paper only the series line parameters were polluted with a 30% error.
In this Section, the generation of the simulated measurements that were used for identifying the lines with the erroneous parameters and subsequently estimating the correct values is discussed first, while the results that are obtained from both test systems are presented next.
A. Measurement Generation Considering Uncertainties
In order to have more realistic case studies the measurements used in the proposed methodology are subjected to Gaussian noise that is caused by two basic components of the measurement chain namely: the instrument transformer and the measurement device. Particularly, the PMU measurements are created based on the simplified measurement chain shown
. . .
. . . MU are the measurement device magnitude and angle error limits defined by the manufacturer.
The creation of the conventional measurements, such as the power flows and the power injections are based on the simplified measurement chain shown in Fig. 6 and are calculated as,
where P transf and Q transf are the power measurements including the uncertainties that are introduced by the instrument trans- formers, and can be calculated as [22] ,
and u
P ,Q
MU is the power measurement device standard uncertainty and is calculated as,
The standard uncertainties of the two measurement chain components (instrument transformer and measurement device) are calculated based on the limits of error introduced to the measurements, as specified by the manufacturers [23] . It should be noted that in this paper it is implicitly assumed that the measurement errors lie with a 95% probability in the interval bounded by the error limits defined in the manufacturer's data. Since the distribution of the measurement errors is assumed to be normal, the choice of this particular coverage probability leads to having the measurement errors lie between -1.96u to +1.96u [24] . The maximum errors for the measurement devices and the instrument transformers are shown in Tables I  and II respectively. In the following case studies it is implicitly assumed that the instrument transformers belong to the 0.5 accuracy class, while the maximum Total Vector Error (TVE) of the PMUs is 1% as reported in [25] . It should be clarified that the conventional measurements along with the PMU measurements are used in the hybrid state estimator for estimating the power system states, while the PMU measurements are used in the linear parameter estimation.
B. Case Study-IEEE 14-Bus System
The proposed methodology is first applied to the IEEE 14-bus system for both single and multiple erroneous transmission lines. The system is observable by both conventional and PMU measurements and their locations are shown in Table III . Based on the PMU locations there are 10 transmission lines that are observable by PMUs (have one PMU at one of the two ends). Firstly, it is assumed that a single PMU-observable transmission line has erroneous line parameters in the system. The outcomes for this case are shown in Table IV , where the methodology has correctly identified 9 out of 10 transmission lines that have erroneous parameters. In particular, only the transmission line that connects buses 9 and 10 is not identified and the reason is that the normalized residuals of the conventional or pseudo power flow measurements related to the particular transmission line are below 3 (thus the transmission line is not included in the set of candidate erroneous branches). Regarding the correctly identified erroneous transmission lines, it can be concluded that the parameter estimation error for most of the transmission lines is below 1% while only for two transmission lines that connect buses 2 to 5 and 7 to 9 the estimation error is 2% and 1.66% respectively. The effectiveness of the proposed methodology is even more pronounced in the case that multiple transmission lines exist in the system (more realistic). Table V shows several cases where multiple erroneous transmission lines exist in the IEEE 14-bus system. An emphasis should be given in the first three cases where it is assumed for each case that all the transmission lines that are observable by the same PMU are erroneous. In the cases of PMUs installed at buses 2 and 6, all the transmission lines are successfully identified as erroneous and their parameters are corrected within permissible limits (maximum estimation error is 6.7%). In the case of the PMU at bus 9, again the transmission line that connects bus 9 and 10 is not identified as erroneous and thus its parameters are not estimated. Moreover, two cases with 6 simultaneously erroneous lines (almost 1/3 of the IEEE 14-bus network) are illustrated in Table V . In both cases the methodology succeeds to identify the erroneous transmission lines and estimates with reasonable accuracy the erroneous line parameters (maximum estimation error for each case is 7.8% and 7.3% respectively). The proposed methodology fails to identify and estimate the erroneous line parameters in the case shown in the last line of Table V. In particular, in this case one transmission line (line 6-13) is correctly identified as erroneous, but its parameters are not correctly estimated. This is mainly due to the interconnection of buses 13 and 14 that are observable by two different PMUs (at buses 6 and 9) and thus the estimated states of one bus (i.e., bus 13) are affected by the erroneous branch connected to the other bus (i.e., bus 14) when the hybrid state estimation is executed. In such cases the methodology may fail to achieve the identification and correction of the power system network parameters.
The effectiveness of the proposed methodology to identify and estimate accurately the erroneous transmission line parameters is underlined in the presence of high accuracy class transformers. In Table VI some cases (that present large estimation error) tabulated in Tables IV and V are executed again when 0.1 accuracy class transformers are used. For instance, the transmission line 2-5 in Table IV has a 2% error when the series conductance is estimated while for the same case when a 0.1 accuracy class transformer is used the error is decreased to 0.3% as shown in Table VI . Further, it should be mentioned that the last case of Table V where lines 6-13 and 9-14 are simultaneously erroneous, the estimation error of 6-13 is 60% and line 9-14 is not identified as erroneous in the case of 0.5 accuracy class transformer. However, in the case of 0.1 accuracy class instrument transformers the methodology identifies both lines as erroneous and estimates with high accuracy their transmission line parameters.
The robustness of the proposed methodology can be further validated in the presence of both erroneous parameters and erroneous measurements in the system. In particular, in the case of the IEEE 14-bus system, it is assumed that the parameters of line 6-13 are in 30% error while the conventional power flow measurements of line 6-12 and 6-13 are in 20% error. According to the flowchart of Fig. 1 both lines 6-12 and 6-13 will be In such case the proposed methodology identifies the line 13 as the line with the erroneous parameters and continue with the estimation of its correct parameters.
C. Case Study-IEEE 118-Bus System
In order to show the performance of the methodology to a larger power system the proposed methodology is applied to the IEEE 118-bus system. The system is observable by both conventional and PMU measurements whose locations are shown in Table VII .
Due to the large number of combinations only some selected cases of how the proposed methodology performs in the IEEE 118-bus system are shown in Table VIII . In general, the methodology proposed in this paper does not depend on the power system size, since both the identification and the estimation phase are concentrated on transmission lines that are PMU-observable.
Summarizing the results of Table VII , it can be concluded that the proposed methodology in most of the cases identifies correctly the transmission lines with erroneous parameters and estimates them accurately. More specifically, in only one case the proposed methodology does not identify the erroneous transmission line (line 70-71) and in another case although the erroneous transmission line is identified, the estimation error of the series conductance is 15%. It should be noted that the large estimation error for this case is because the value of the series conductance is quite small and comparable to the magnitude of the measurement noise. In this sense the same case is executed again using high accuracy class transformers. As shown in Table IX the estimation error of 89-92 is minimized from 15% to 1.9%; this verifies that in case of small measurement noise the estimation error of the line parameters is minimized. This is also verified by some other test cases shown in Table IX where although they have large parameter estimation errors in the case of 0.5 accuracy class transformer, their error is smaller in the case of 0.1 accuracy class instrument transformers. Further, it is worth indicating that in one case, tabulated in Table VIII , it is assumed that 10 erroneous transmission lines exist in the power system and the methodology can identify and estimate their parameters successfully. The time that is needed (in an Intel Xeon E5645 2.4 GHz, 32 GB RAM) when the methodology is applied to the cases tabulated in Table IX is also shown. It should be noted that the methodology is executed offline (and thus its execution time is not crucial) and the time needed for identifying and estimating the transmission line parameters is based on the number of candidate erroneous branches.
V. DISCUSSION AND CONCLUSIONS
This paper proposes an offline methodology for identifying transmission lines whose parameters stored in the database of the control center are in error and consequently estimating their actual values. Although for the extremely accurate calculation of transmission line parameters the presence of PMUs at both ends of the line is required, the proposed methodology is an alternative solution for the power system operators and can be applied to transmission lines with at least one PMU (which is the usual PMU deployment in power systems today). The use of a PMU at one end of the line enables the extremely accurate measurements of the voltage and current phasors that are used in the linear parameter estimator and are not available with the conventional measurement devices. Further, the use of PMU measurements improves the accuracy of the estimated states provided by the hybrid state estimator [2] and consequently enables the effective identification and estimation of the transmission line parameters. The methodology is successfully applied to the IEEE 14-bus system which is a dense network and the error in transmission line parameters could affect both the identification and the estimation phases of the methodology. The methodology is also successful in larger systems, such as the IEEE 118-bus system. Further, the measurements that are used in both the hybrid state estimator and the parameter estimator contain a considerable magnitude of noise due to the presence of low accuracy instrument transformers (0.5 accuracy class). However, the performance of the methodology is not affected in almost all the cases, showing the applicability of the methodology under real conditions. Additionally, it is shown that in the case that high accuracy class transformers (0.1 accuracy class transformers) are used the performance of the methodology is further enhanced by minimizing the estimation error and improving the identification phase of the proposed methodology.
It should be emphasized that the methodology is directly applicable to transmission lines that are observable by PMUs and it is implemented to exploit the already installed PMUs in a power system. In the case studies shown in this paper, only the parameters of the PMU-observable lines are assumed to be erroneous. In the case that non PMU-observable lines are erroneous, the methodology will certainly not identify them since they are not considered in the proposed methodology. The reasons that may lead to the breakdown of the proposed methodology are the very large measurement noise, the presence of several bad measurements in the measurement sets and the presence of critical measurements. More specifically, the performance of the methodology might be affected by the magnitude of the measurement noise since as indicated in the simulation results higher accuracy class transformers result in more accurate identification and estimation results. Further, the presence of several bad measurements in the measurement set without being identified might also affect both the identification and the estimation procedure of the proposed methodology. While in the case of critical measurements, the methodology will certainly fail to identify the erroneous transmission line parameters associated with the critical measurement since the measurement normalized residual will be zero.
